While clinical and basic biomedical research focus on diagnoses and cures for common and rare genetic diseases, they are unable to address one of the largest underlying causes for genetic disease: mating within families or other small genetically isolated sub-populations. This interdisciplinary literature study investigates theoretical, moral and practical aspects to solve this major cause for genetic disease from an alternative angle: through cultural change and encouragement of an outbreeding reproductive behavior. Understanding why some communities persist with choosing consanguineous reproductive partners when the modern society has eliminated the economic rationale to do so, and to develop strategies to encourage a cultural change in those communities, is critical for a sustainable long-term solution to reduce the number of new cases of genetic disease and undiagnosed (sub-clinical) but detrimental genetic abnormalities in vulnerable and marginalized groups in modern Western societies.
INTRODUCTION
Already Charles Darwin noticed that inbreeding led to genetic problems and he felt personally responsible for the poor health of his children, since he was married to his first cousin Emma Wedgwood and the whole family had a history of multi-generation consanguinity (Berra et al., 2010) . One of the first systematic studies regarding health issues related to inbreeding in humans was performed by Charles Darwin's son, George Darwin (Anderson, 1986) . At the time, kin marriages were common in Europe but the realization of the genetic risks coupled with social change, increased mobility and urbanization rapidly reduced the practice and it became a social taboo in many Western societies (Anderson, 1986; Egerbladh and Bittles, 2011; Kuper, 2002; Rao et al., 1972; Rudan et al., 2008; Sutter and Goux, 1964) . The practice of kin marriage is also expected to decrease globally (Bittles and Black, 2010; Jaber et al., 2000) , but is still very common (Hamamy et al., 2011) . At this moment, the public health care system is often confronted with rare genetic diseases from immigrant communities practicing kin marriage (Anwar et al., 2014; Hamamy, 2012; Schulpen et al., 2006) . Economic studies have suggested models of a "failed marriage market" which leads to kin marriage as a rational choice (Do et al., 2012) . This proximal rational economic choice does however lead to ultimate issues with an accumulation of detrimental genetic variants within families, which can manifest as disease or sub-clinical defects (Adams and Neel, 1967; Al Talabani et al., 1998; Al-Gazali and Hamamy, 2014; Barbouche et al., 2011; El Mouzan et al., 2008; Magnus et al., 1985; Morton, 1958; Rezaei et al., 2006; Sheridan et al., 2013) . Evolutionary theoretical models could also argue for some positive effects from consanguinity by rapidly selecting for beneficial recessive genetic variants which ultimately might benefit the population under a certain environmental selection pressure (Denic et al., 2008 (Denic et al., , 2011 . This type of selection does however come at a great individual cost which can not be acceptable in modern society (Bittles, 2011) . It is also questionable if inbreeding-accelerated selection as done in artificial breeding of desirable traits actually give longterm benefits under a complex evolutionary pressure: some traits critical to survival, like immunity to novel pathogen threats, greatly benefits from high genetic diversity and outbreeding (Hoben et al., 2010) . In fact, given a free mate choice it seems like humans tend to select mates with dissimilar immune genes, supposedly to ensure high diversity of immune genes in their offspring (Chaix et al., 2008; Grob et al., 1998; Havlicek and Roberts, 2009) . It is also possible that additional mechanisms of selection in free human mate choice are specifically aiming for enhanced diversity (Berghe, 1983; Thelen, 1983) . The culture of within-family mate choice does however persist in many immigrant communities (Anwar et al., 2014; Reiners, 2001; Schulpen et al., 2006; Shaw, 2001; Stoltenberg et al., 1997) , where many of the suggested economic (and possibly biological) reasons for this practice should be moot. Surprisingly, there are indications that the practice of kin marriage might be more preserved in recent generations among immigrants compared to the situation in their country-of-origin (Baykara-Krumme, 2016; Darr and Modell, 1988) . I propose that we need a collaborative effort spanning the "three cultures" of Natural sciences (including medicine), Social sciences and Humanities (Kagan, 2009) to reach a sustainable solution to many cases of genetic disease through encouragement of a cultural change in groups where consanguinity is still frequent. Interdisciplinary efforts including "the other" academic cultures has been found to be problematic in biomedical sciences due to low opinions of the social sciences and humanities among many biomedical scientists (Albert et al., 2008; Kuntz, 2012) . Since the problem described here is mainly social and cultural, the dynamics might look different since only limited input (identifying groups with high risk of genetic disease, and factual insights on the risks of inbreeding) from the biomedical field is needed.
TREATING THE SYMPTOMS WITH BIOMEDICAL SCIENCE Advances in technology and knowledge through basic biomedical science, and its limitations
Advances in knowledge about the biological mechanisms and an ever expanding catalog of genetic defects increases the chances of genetic testing for diagnosis of rare conditions. There can be a discrepancy between the clinical characterization of a disease (a diagnosis) and its genetic foundations, for example can a single disease as defined by its clinical presentation be caused by multiple independent genetic mechanisms (for example psoriasis, (Tsoi et al., 2017) ). On the other hand can a single genetic aberration also manifest as different diseases. For example, one of the most common pathological genetic aberrations (22q11.2DS; present in up to 1/2000 live births) results in two different diseases (OMIM 188400 and 192430; (Amberger et al., 2015) ) but is most likely under-diagnosed and also results in many lesser defects within the "normal" spectrum (Fung et al., 2015) . Because the complex relationship between genetics and clinical manifestation of disease, one major contribution of clinical and basic research is identification of genetic markers for more accurate and sensitive diagnosis. A proper diagnosis can as such give a relief to the patient and the care giver, since giving the condition a name makes it more "real" (Rich, 2016) . Recently, extensive catalogs of knock-out mutations in the human genome have been facilitated by applying the rapidly evolving genome sequencing technology on inbred human populations (Saleheen et al., 2017; Sulem et al., 2015) . This resource together with mouse genetic models and the ability to edit the genome in model cell lines using tools like CRISPR/Cas9 has -and will -greatly enhance our understanding of the function of the genes and the proteins they code for and how these functions are related to disease. Fundamental understanding of the mechanisms causing disease can in turn lead to more effective and targeted treatments. Genome editing (with for example CRISPR/Cas9) also holds the promise to be able to correct for a genetic defect in induced pluripotent stem cells (iPSC), which then can be re-introduced to the patient to replenish the relevant cell-type with a healthy variant which otherwise is genetically identical to the patient (Hotta and Yamanaka, 2015) . Knowing the mechanism of the disease and replenishing with a healthy variant of the relevant cell type can sometimes result in remarkable recoveries (Rozmus et al., 2016) . These technological trends are highly promising for treatments of individual patients but are no substitute for avoiding disease altogether, since many genetic diseases (especially those affecting the patient during embryo development) will be impossible to cure. Simply put, prevention is the best cure -for example through in vitro fertilization (IVF) and pre-implantation genetic screening. This is however an expensive and invasive procedure, and a practice that has been ethically challenged as a form or eugenics (King, 1999) . Alternatively, through encouragement of reduction of risks through the selection of reproductive partner either through genetic counseling (Meyer, 2005) or by encouraging outbreeding. The latter approach is naturally the most sustainable but outside the realm of biomedical science.
Lost in Translation: the relationship between the patient and basic biomedical science
Basic studies of the fundamental mechanisms of disease are rarely performed by clinicians themselves but rather by non-physician scientists with no contact with the patients, which means that basic scientists and clinicians often talk different "languages" (Restifo and Phelan, 2011) . This causes an emotional detachment from the patient in basic biomedical research, and a rare or odd genetic error is treated as an exciting and interesting specimen. Since basic research focuses on figuring out how things work and by studying something that is broken (like a genetic mutation causing disease), we learn more about how the intact system is supposed to work. This curious attitude is naturally good for a scientist but would work poorly in a situation with direct contact with patients and their families. This difference in attitude can also be a conflict of interest, where the curiosity-driven research have different aims from the aim to ultimately help patients through discovery of novel opportunities for diagnosis or treatments. A big challenge is thus to encourage application-inspired but still curiosity-driven basic research and to encourage transfer of knowledge from basic biomedical science to the clinic as efficiently and practically as possible (Morris et al., 2011) .
Problematic patient expectations on basic biomedical science from media reports and popular culture
The natural sciences have a very high status in our society (Kagan, 2009) , which is partially shaped by the images of scientists as extremely potent miracle-workers (for good or evil) in popular culture and literature (Haynes, 2003; Kirby, 2008) . This often leads to high and unrealistic expectations from sufferers of diseases with no current treatment that there -somewhere -is a miracle cure hidden away in a lab. The truth is sadly far more mundane and slow, with an average time frame of years to decades from initial basic discovery (which also is a slow and tedious process) until a treatment reaches the clinic (Morris et al., 2011) . I have personally experienced this in basic biomedical research, far away from a usable treatment, that reports of a new mechanism to target in general for autoimmune diseases (Coornaert et al., 2008) or specifically for multiple sclerosis (Mc Guire et al., 2014) or psoriasis (Afonina et al., 2016) led to a media spin which gave many sufferers of these diseases false hopes. These high expectations on what science can deliver on a short term basis is an ethical problem in science communication (Bubela et al., 2012) . It also leads to frustration from patients with rare and difficult-to-diagnose diseases, which believe that the lack of research or treatment options is due to lack of interest (Rich, 2016) . On the other hand is tempering the hopes for an effective treatment to more realistic expectations within the health care system also problematic (Wiles et al., 2008) .
PREVENTING (SOME) CAUSES THROUGH CULTURAL CHANGE

Awareness and attitudes towards the genetic risks of inbreeding
As with many complex human conditions, the genetic effects on birth defects are confounded with social and economic situations (Ahmad, 1996; Bittles, 2008) , but accounting for those variables, consanguinity is still a major variable in explaining birth defects among vulnerable populations (Sheridan et al., 2013) . Social cohesion by family ties is often a major argument in favor of consanguinity, and some groups take it to the extreme Do et al., 2012) . Qualitative studies of the attitudes among groups with high rates of consanguinity and resulting genetic defects, revealed several potential explanations for the continued practice (Ajaz et al., 2015; Joseph et al., 2015; Teeuw et al., 2014) . Among the major factors across the studies was lack of information, which is an especially saddening finding since it means that the parents of the affected patients were unaware of the risks. Dealing with genetic risks is a very social issue which involves the entire family (Richards, 1993) , and not only the individual patient. Being informed also seems to positively correlate with willingness to help address the issues of consanguinity and genetic disease through, for example, genetic testing . Responding to information about the risks also requires some basic understanding of genetics (Panter-Brick, 1991; Shaw and Hurst, 2008; Shiloh et al., 1995) , but information and counseling can lead to future risk-avoiding behaviors (AbdelMeguid et al., 2000; Frets et al., 1990; Shaw, 2011) . On an encouraging note, the practice of kin marriage is on the decline in many different populations with traditionally very high levels of consanguinity (Jaber et al., 2000; Koc, 2008) . Many respondents in the UK Pakistani survey also highlighted the need for a more culturally sensitive health care system (Ajaz et al., 2015) . Addressing the lack of information (with an implied moral judgment) and cultural sensitivity from health care providers and genetic councilors could however be conflicting aims (Devillé et al., 2011) . Since many populations suffering the effects from high frequencies of consanguinity are Muslim, it can be interesting to note that Islam is not promoting kin marriage and is generally positive towards genetic counseling and information about genetic risks (Akrami and Osati, 2007; Al Aqeel, 2007; Ma, 1999) . That cultural change can have clear health benefits has been seen in a UK Pakistani sub-population with traditionally very high levels of kin marriage, but where there are trends of a relaxation of this practice in some regions in later generations Zaidi and Shuraydi, 2002) .
Self-perpetuating marginalization and genetic self-mutilation
Some groups persist in maintaining an internal marriage pattern (endogamy), despite that multi-generation inbreeding and genetic founder effects are well-known causes of prevalent genetic disease (Patton, 2005) . When marriage is not strictly within the family, but still arranged with closely allied families over several generations (Do et al., 2012) , this can also cause a detrimental inbreeding situation, as exemplified by the Darwin/Wedgwood dynasty (Berra et al., 2010 ), but also current genetically isolated populations where endogamy is frequent (Bittles, 2005) . The detrimental effects of inbreeding depression might however not always be pathological and still have negative effects for the affected group. It has long been known that detrimental alleles typically are recessive (Jones, 1917) , which means that high genetic diversity is beneficial. In agreement with this is higher levels of heterozygosity linked to generally higher health status in a population (Rudan et al., 2006) . It is also important to remember that only very severe (pathological) abnormalities are registered by the health care system, which means that genetically perpetuated sub-clinical issues that could lead to poorer well-being, lower intellectual capabilities or other disadvantages that are generally unknown. These "non-pathological" aspects of health are also relevant to take into account in social and cultural approaches to health improvements (Levin and Browner, 2005) . These sub-clinical genetic disadvantages can possibly also act synergistic with socioeconomic (environmental) disadvantages (lack of education, network, discrimination and possibly epigenetic inheritance (McGuinness et al., 2012) ) to perpetuate the marginalization or social inequality to the next generation (Abu-Rabia and Maroun, 2005; Marioni et al., 2014; Sniekers et al., 2017; Turkheimer et al., 2003; Tuvblad et al., 2006) . This potential vicious interaction between genetic and socioeconomic disadvantages might also be further exacerbated by that it is primarily groups with low socioeconomic status that show frequent kin marriage (Barbour and Salameh, 2009; Jaouad et al., 2009; Saadat et al., 2004) . There are thus many reasons, both at a societal level and at an individual level, to aim for a modernization of the mate choice in groups that currently maintain a traditional consanguineous marriage tradition for a longterm social change. A similar genetic persistence of economic disadvantages might also exist on a macroeconomic level (Jaber et al., 1998) , where some countries or regions carry a heavier burden of genetic disease through widespread kin marriage or small founder populations with limited genetic exchange (Bittles et al., 1991; Rudan et al., 2006; Verma, 2000) .
Challenge: respectful encouragement of cultural change in the choice of reproductive partner
It is problematic for the majority society to influence the mating patterns of vulnerable and marginalized subpopulations, since it can be expressed as some form of racism (Ahmad, 1996) or eugenics (Kerr and CunninghamBurley, 2000; King, 1999) . The proposed strategy of encouraging outbreeding is however orthogonal or perhaps even antagonistic to eugenics, since it does not aim to eliminate detrimental alleles as in traditional breeding and eugenics -the aim is rather to make sure that (usually rare) detrimental alleles do not become common in small genetically isolated populations in order to reduce the risks of genetic disease. It is however also very easy to criticize social engineering efforts to change mating patterns in minority groups as a colonialist attitude leading to forced assimilation (westernization, modernization). Some sort of moderate assimilation (or perhaps more accurately: acculturation) strategy is however on its way back in different immigration theories and policies (Alba and Nee, 1997; Brubaker, 2001; Gans, 1997) , making it easier to argue for social engineering initiatives with a clear purpose to change cultural behaviors with negative health effects (like kin marriage). Accepting certain phenomena under the guise of cultural sensitivity or relativism is also problematic in a health care situation from an ethical perspective, if a patient first and foremost is seen as a member of a particular group rather than as an individual with needs and rights (Devillé et al., 2011) . The right to (a broad definition of) health has been recognized as a universal human right (Hunt, 2007; Pillay, 2008) . The resurgent focus on universal human (individual) rights in contrast to the postmodern cultural relativism is sometimes referred to as neo-modernism, where cultural practices respecting human rights are seen as morally superior to those that do not (Alexander, 1994) . It is wrong if individuals are treated differently due to their sexuality / gender / ethnic / religious / cultural attributes in the name of cultural relativism (Kymlicka, 1995; Tilley, 2000; Zechenter, 1997) , since this is a form of discriminatory Apartheid (literal meaning: "differentness") even if based on well-intended cultural sensitivity. Because of this, it is important that the problem of kin marriage (and associated issues related to individual autonomy vs arranged marriage) is approached with a respectful, (neo-) modern (universalist) attitude by putting the needs of the individual first. An important part of this respectful approach is to be critical of the cultural practices leading to inbreeding, while still not blaming the individual victims of those cultural practices (for example, the parents of a sick child).
CONCLUSIONS
While clinical and basic biomedical research focuses on the problems here and now by looking for treatment strategies and cures, which are of critical importance, it is also important to acknowledge that a more sustainable and humane solution would be to make sure that fewer people suffering from genetic disease are born, which can be done by choice of reproductive partner. Ethically, we have no moral obligation towards a particular set of hypothetical unborn individuals which will never be born due to the choices we make in the present (Kavka, 1982) . Considering the doubled risk of genetic abnormalities in offspring from first cousins (Sheridan et al., 2013 ) (a risk that is potentially even greater in multi-generation first cousin unions or highly inbred populations), it would make a lot of sense to do targeted public investments for cultural change in mate choice in sub-cultures (often immigrant or religious communities) with high risk of genetic disease. It is however important to note that the vast majority of children are healthy also in groups where genetic abnormalities are common due to inbreeding (Bittles, 2013) . Cultural changes in mate choice will also touch upon other pressing social issues such as female emancipation and individual rather than family-directed mate choice (Zaidi and Shuraydi, 2002) . Such social engineering (or educational) efforts will most likely be more effective if performed by experts on social interactions and cultural aspects of modernization, rather than as an initiative from (medical) health care professionals. Finding the most effective strategies to inform and influence is however critical. Experiences with attempts to change attitudes through film show promising results for starting a discussion about the issues despite initially hostile (traditionalist) attitudes (Raz, 2003) . Also family-centered outreach strategies have been tried (Darr et al., 2013) , with positive results. The health care system is sometimes ill-equipped to encourage a cultural change (Darr et al., 2013) , and it is also ethically problematic for a health care provider to also pass judgment on customs (Bennett et al., 2002; Modell and Darr, 2002; Rao et al., 2009 ). Because of this, the field of clinical genetics usually focus on diagnosis and counseling for individual patients (Bittles, 2001; Hamamy, 2012 ), but will not address the cultural cause of the problem at a societal level. Considering the high costs (both for the public health economy and the personal suffering and emotional distress for the patients and their parents), it is likely that there will be high long-term gains from a respectfully targeted investment for cultural change in vulnerable groups.
